This study analyzed histopathologic specimens of 600 pediatric solid malignant tumors seen during the
An ethnogeographic variation in the frequency of different types of tumors is mainly attributed to the interplay of varied causative factors such as exposure to ultraviolet light,' chem ical carcinogens,2 oncogenic viruses,3 genetic factors,4 and cultural practices among various populations. To carry out an epidemiologic study among the child population who have had considerably less exposure to oncogenic agents than adults would provide important information on the pos sible causes of the tumors. Similar epidemiologic studies done on pediatric malignant tumors in Uganda,5 Zambia, 6 Sudan,7 and Nigeria8 have provided important information on possible causes and diagnosis of childhood cancer and may be helpful in determining their etiology. However, no such study has been carried out specifically in western Ke nya. Our main purpose in this study was to review histolog ically the pediatric solid malignant tumors in western Kenya ( Figure 1 ) with a focus on the following specific objectives: to examine tumor incidence, age, sex, geographic, and ethnic distribution and to relate the tumors to putative environmen tal or genetic causative factors.
MATERIALS AND METHODS
Study area. The Republic of Kenya is situated almost exactly astride the equator. Western Kenya is divided into three provinces: Western, Nyanza, and Rift Valley ( Figure  1 ) and has a population of 11,033,104,@ about half of which are children less than 15 years old (5,528, 1 13) .@The climatic conditions vary from the dry semi-arid areas (500â€"1,500 m) in the most northern and southern parts of Rift Valley Prov ince, through the cool and moist tropical highlands (> 2,500 m) in the center of Rift Valley Province, to the hot and moist tropical savannah around Lake Victoria in Nyanza and West em provinces (1,100â€"2,500 m). Western Kenya is inhabited by a variety of ethnic groups. The Luo and the Luhya live in Nyanza and Western Province, respectively, the Kalenjin in Rift Valley, the Turkana in northern Rift Valley, which is semi-arid like southern Rift Valley where the Masai live. The minority Kikuyu live on the periphery of Rift Valley (al though the Kikuyu has the biggest population in Kenya, their main inhabitant area is the Central Province), and the Kisii live in the highlands of Nyanza Province. A few Asians, Arabs, Somalis, and whites are present, mostly as traders and professionals.
We have chosen this area because of the following features. 1) Western Kenya provides a variety of geographic features and climatic conditions, and is com posed of seven major ethnic groups (about 90% of the West ern Kenya population; the remaining 10% is composed of other minority groups such as Asians, Somalis, Europeans, and Arabs). The ethnic population data are available from the census of 1989.@ 2) The age and sex distribution of the population can be determined exactly in the provinces, as shown in the census of 1989@ (Table 1). 3) The Rift Valley Provincial General Hospital (RVPGH) in Nakuru, the Ny anza Provincial General Hospital (NPGH) in Kisumu, and the Uasin Gishu Hospital (UGH) in Eldoret receive all sur gical biopsy specimens in western Kenya from the district hospitals, mission hospitals, private hospitals, private clinics, and provincial hospitals. 4) This is a rural area with little industrial pollution and the population is predominantly liv ing in agricultural settlements; some of them are nomads with a simple life style. However, professionals, business people, office workers, and traders work and live in the ur ban areas.
Study population. All cancer cases less than 15 years old were considered in this study. Surgical histologic specimens were accompanied by histology request forms (HRF). Epi demiologic information was obtained from HRF on ethnic ity, age, sex, area of residence, clinical history, and gross appearance of the tumor. Only specimens with this infor mation were included in the study. A total of 676 surgical histologic specimens of pediatric solid malignant tumors were collected during a period of 16 years (1979â€"1994) 
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MAKATAAND OTHERS cases and 227 female cases, giving a male:female ratio of 1.6: 1. The crude incidence rate (CW) of the tumors was high in children in the 5â€"9-year-old age group (0.80 per 100,000 children per year) as shown in Table 2 . Table 3 shows the childhood tumor occurrence in western Kenya. Burkitt's lymphoma (BL) was the most common (33.5%), followed by non-Hodgkin's lymphoma (NHL) (21 .8%), retinoblasto ma (RB) (1 1.5%), Kaposi's sarcoma (KS) (6.1%), nephrob lastoma (NB) (also called Wilm's tumor) (4.5%), Hodgkin's disease (HD) (4. 1%), fibrosarcoma (3.2%), squamous cell carcinoma of skin (2.6%), osteosarcoma (2.3%), unclassified sarcoma (2.6%), and unclassified carcinoma (1 .7%). The percentage of the remaining tumors was 6%.
The majority of specimens analyzed in this study origi nated from male children, except for adenocarcinoma (0.7: 1), rhabdomyosarcoma (0.5: 1), and Ewing's sarcoma (0.5:1), as shown in Table 3 . The age distribution observed for the six common tumors is shown in Figure 2 . Retinoblastoma and NB were primarily early childhood tumors and were possibly hereditary. Kaposi's sarcoma showed an early peak between 0 and 4 years but spread into adult life, BL tended to decrease with age and, NHL and HD increased with age.
Geographic distribution. Table 4 shows the geographic distribution of six common pediatric solid malignant tumors in western Kenya. Nyanza Province, which borders Lake Victoria, and the hot and moist tropical savannah presented the highest number (28 1), accounting for almost half (46.8%) of the tumors reviewed. This was supported by a CW of 1.00, which was also the highest among the prov inces. The CW decreased progressively as one moved away from the humid and hot areas. The lymphomas and KS were the most significant malignancy (P < 0.01) in Nyanza Prov ince. The lowest CIR of 0.28 was found in Rift Valley Prov ince, which is a highland and semi-arid area. Moreover, the TABLE 2 Age and sex distribution among 600 cases of pediatric solid malig nant tumors in western Kenya (1979â€"1994) census data were obtained from the Kenya Population Cen sus, 1989,@ which is the most recent published census. Histologic evaluation. Specimens submitted for patholog ic diagnosis from various hospitals in western Kenya to the RVPGH, NPGH, and UGH laboratories were fixed in 10% formalin saline solution, embedded in paraffin, sectioned, and routinely stained with hematoxylin and eosin. Special stains also used were periodic acidâ€"Schiff stain for glycogen, silver impregnation stain for reticulin, Van-Gieson stain for elastic fibers, and Mallory's stain for collagen fibers. The slides were examined by five pathologists (the authors of this paper) using hematoxylin and eosin stain and whenever there was a disagreement on the diagnosis, deeper cut sections and special stains were used and the slides were re-examined. The final diagnosis for all slides were made after agreement by all five pathologists.
Statistical analysis. Evaluation of the data was done us ing the chi-square test and the differences were considered statistically significant at a P < 0.01 level.
RESULTS
The total number of cancer patients registered by the west ern Kenya laboratories during the study period of 16 years was 7,148 and of these, 676 cases were children less than showed the highest CW of 0.78 followed by NHL (0.38) and KS (0.15). Statistically, these three tumors were more significant (P < 0.01) in this tribe. The CIR of BL and NHL showed a similar pattern of dominance among the Luhya and Kalenjin, but KS in Luhya showed a C@ of 0.04 and was significant in the other tribes except in the Luos. The majority of cases of RB were found in the Luhya, and the rest of the tumors showed a more or less even occurrence with no significant differences in the tribes. Nephroblastoma was rare but almost evenly distributed among the major tribes except in the Luo, where only two cases were record ed. Thmors in the rest of the tribe were too few to warrant any evaluation.
DISCUSSION
There are many difficulties in the accurate enumeration of cancer cases from a defined population in the developing countries. However, data used in this study are hospital based and are as unbiased as possible. The incidence for the respective age range, peak age, and sex found in western Kenya for six common pediatric solid malignant tumors con cur with those previously documented in developed coun tri'
The order of the frequency for each type of tumor is quite different from what is observed in the temperate region and conforms more to the tropical African pattern of childhood tumors. The pattern of childhood malignancies in western Kenya is essentially similar with that in neighboring countries in genemi,@ with the exception of Zimbabwe'2 and Sudan,5 which have a high incidence of NB and RB, respectively, and a low incidence of BL. In this study, BL was the most common tumor, RB was the third most com mon, and NB was the fifth most common in western Kenya.
Ever since Burkitt'3 published his original paper on a sar coma affecting the jaws of African children, the tumor, which was later reclassified as a B cell lymphoma,'4 a num ber of subsequent studies have shown a direct association between BL and geographic location. In this aspect, a caus ative relationship has been drawn between the lymphoma and certain environmental factors defined by geographic lo cation, such as malaria in the rainy humid zones of Afri Many of tumors showed a high concentration around the humid and hot shores of Lake Victoria in Nyanza Province, where malaria is hyperendemic, '7 and other parasitic infec tions are also present. Non-Hodgkin's lymphoma, KS, and HD also showed a high incidence in Nyanza Province. Sim ilar results for BL and KS distribution were found around the Lake Victoria in the neighboring country of Tanzania. '8 The majority of the western Kenyan population are rural dwellers leading a peasant or nomadic life style. It is well known that communities of low socioeconomic status tend to carry a higher disease burden than the well to-do com munities who have access to treatment and good nutrition. There is a possibility of widespread immunosuppression that results from chronic infections in the population or some oncogenic agents in the area or both. Chronic infection re sults in immunodeficiency that may be conducive to the de velopment of neoplasm. On the other hand, the Rift Valley Province, which has semi-arid and highland areas, showed low tumor incidence probably because of low levels of in fections, such as malaria and other chronic infections. Cur rently, Epstein-Barr virus (EBV) has been implicated as an oncogenic agent, not only for BL'9 but also for HD,@Â°that takes advantage of the suppressed immune system. One wonders if the ubiquitous EBV alone could play a causative role in BL or if there is another agent or virus associated with malaria having a similar role as EBV.
It is interesting to note that BL, NHL, and KS had a high incidence in the Luos in Nyanza Province in western Kenya. Previous studies on ethnic distribution have shown similar findings with KS.21' fl These observations somehow place the Luos in a special category. Although the reason for these variations is not understood, environmental factors seem to play a role in the etiology. In Tanzania, the Bende and Shir azi tribes had the highest tribal incidence of KS.@ Therefore, further studies are also needed along the lines of the ethnic groups and the tumors. Two other tumors, RB, which was observed in the majority of cases in the Luhya children and did not show any influence by geographic factors (the cases were equally distributed in the provinces) and NB, did not show any significant geographic or ethnic distribution. Our observation shows that there is a decrease in lymphoreticular malignancies and KS incidence between the hot and humid areas around Lake Victoria and the semi-arid or tropical highlands in the Rift Valley Province. This points out a def mite conclusion that environmental factors seem to play a major role in the etiology of childhood malignancy in west ern Kenya. Also, because children have low exposure to car cinogenic predisposing factors, they become a suitable mod el population for focusing on the environmental factors that may be the cause of malignancy in this area, especially for lymphoreticular tumors and KS. 
